Objective: There is a high prevalence of delirium in older medical intensive care unit (ICU) patients and delirium is associated with adverse outcomes. We need to identify modifiable risk factors for delirium, such as medication use, in the ICU. The objective of this study was to examine the impact of benzodiazepine or opioid use on the duration of ICU delirium in an older medical population.
D elirium is an acute disorder of attention and cognition with a reported prevalence of 78%-87% among older intensive care unit (ICU) patients (1) (2) (3) (4) (5) . Delirium leads to poor outcomes, includ-ing increased morbidity, mortality, nursing home placement, longer length of ICU and hospital stays, and costlier hospitalizations (6 -12) . Very few studies have examined the duration of ICU delirium. Patients with longer ICU stays have increased risks for acquiring nosocomial infections and other ICU-related complications. Patients admitted to an ICU have many nonmodifiable risk factors for delirium such as age, severity of illness, and dementia. Use of psychoactive medications is a potentially modifiable risk factor for delirium.
Reported associations between benzodiazepines and opioids and delirium are inconsistent (11, (13) (14) (15) (16) (17) (18) . The linkage between these medications and delirium has been examined through case reports and a small number of studies. The majority of studies did not ensure that the medication exposure preceded the development of delirium. We have recently shown that receipt of benzodiazepines before ICU admission was associated with delirium within the first 48 hrs of ICU admission (19) . Although researchers have examined the use of these medications as a risk factor for transitioning to delirium (20) , there are no studies examining associations between their use and delirium duration. Reducing delirium duration may improve patient outcomes by reducing days on mechanical ventilation, length of ICU and hospital stay, hospital morbidity related to falls and unnecessary restraint use.
The aim of this study is to examine the impact of benzodiazepines or opioids on the duration of ICU delirium. Our hypothesis is that after adjustment for potentially confounding factors, the use of benzodiazepines or opioids will prolong the first episode of ICU delirium.
METHODS
Study participants were 304 consecutive patients Ն60 yrs admitted to the medical ICU of Yale-New Haven Hospital between September 5, 2002 and September 30, 2004 . Yale-New Haven is a 900-bed university hospital with a 14-bed ICU. Of the 725 patients screened on admission, 318 were eligible. Reasons for noneligibility included admission for Ͻ24 hrs (n ϭ 193), transfer from another ICU (n ϭ 83), inability to communicate before admission (n ϭ 52), no identifiable proxy (n ϭ 56), and non-English speaking (n ϭ 23). Of the 318 eligible patients, 309 (97%) were enrolled. Of the nine nonenrolled patients, eight were proxy refusals, and one patient refusal. Five patients were excluded from further analysis because of persistent stupor or coma. Informed consent was obtained from the patient and proxy according to procedures approved by the Institutional Review Board of Yale University.
Data Collection. Patients were critically ill; therefore, proxy respondents were used as the primary source of baseline information, as described previously (21, 22) . The proxy interviews included questions on demographics, alcohol, smoking, and depression (23) . To evaluate the prevalence of dementia, we used the short form of the Informant Questionnaire on Cognitive Decline in the Elderly (24, 25) . Baseline function was assessed with the Katz Activities of Daily Living Scale (26) , and Lawton's Instrumental Activities of Daily Living Scale (27) .
Medical records were reviewed to obtain admitting diagnosis, Charlson Comorbidity Index (28), the Acute Physiology and Chronic Health Evaluation Status score (29) , and laboratory markers of renal and liver dysfunction.
Medication Data. We recorded use of opioids (fentanyl and morphine), benzodiazepines (lorazepam and midazolam), and propofol on a daily basis. These medications are specified on the formulary for pain control and sedation in our ICU. During the enrollment period, there were no sedation or pain protocols available to physicians or nurses in our ICU. Our ICU does not use a daily awakening from sedation protocol. Drug choices were at the discretion of the treating physician. All routes of administration of medication were recorded as were the use of other psychoactive medications, including typical and atypical antipsychotics, seizure medications, and antidepressants. A research nurse blinded to the delirium assessments performed the chart reviews and recorded the medication data from both nursing flow sheets and the pharmacy's electronic database.
Delirium Assessment. Delirium was assessed Monday through Friday using the Confusion Assessment Method-ICU, a validated instrument, with a sensitivity of 93%-100%, a specificity of 98%-100%, and high inter-rater reliability (kappa ϭ 0.96) (1, 30) . Detailed information about the Confusion Assessment Method-ICU can be found at www.icudelirium.org. We supplemented the interviews using a validated chart review method daily (4, 31) . Research nurses, who underwent training and interrater reliability testing for all key measures before study onset and at 6-month intervals, conducted study assessments. Interrater reliability was 100% between our two research nurses.
Delirium Duration. Our outcome variable, duration of ICU delirium, was the number of days in a first episode of delirium. Patients not having delirium during their ICU stay were assigned a count of zero. We defined an episode of ICU delirium as a sequence of consecutive days of delirium as assessed by the Confusion Assessment Method-ICU or chart review. In addition, if a nondelirium or coma day occurred between two days of delirium, the nondelirium day was included in the delirium episode. Each episode ended with 48 consecutive hours without delirium. A medication-related episode of delirium was defined as one occurring on the same day or within 48 hrs after receiving a benzodiazepine or opioid. Forty-eight hours was chosen based on the clinical judgment that medications received before 48 hrs were unlikely to contribute to the delirium episode. A nonmedication-related delirium episode was defined as delirium occurring without prior receipt of medications or Ͼ48 hrs after receiving benzodiazepines or opioids. Defining our outcome in this manner established a temporal relationship in which benzodiazepines or opioids were always received before or on the same day as the episode of delirium.
Predictor. Our primary predictor variable, receipt of a benzodiazepine or opioid during ICU stay, was dichotomous. We combined the receipt of benzodiazepines and opioids because 77% of the patients receiving these medications received both classes. Figure 1 displays the combinations of medications received by our study population.
Covariates and Interactions. Candidate control variables were identified based on clinical experience and prior literature and are listed in Table 1 . Dementia was defined as an Informant Questionnaire on Cognitive Decline in the Elderly score Ͼ3.3; this cut-point achieves a balance between sensitivity and specificity for detecting dementia (21, 32, 33) . Patients were considered to have depression if the proxy respondent or chart review documented depression. Because our outcome of delirium was highly correlated with the Glasgow Coma Scale, we used the Acute Physiology and Chronic Health Evaluation Status II score minus the Glasgow Coma Scale (1, 11) . Physiologic variables included abnormal liver function indicated by an ALT Ͼ40 U/L, dehydration indicated by a blood urea nitrogen/ creatinine ratio Ͼ18, creatinine clearance, and acidemia indicated by an arterial pH Ͻ7. 35 .
Other variables included receipt of other medium to high-potency anticholinergic medications and use of steroids.
Statistical Analysis. Descriptive statistics consist of counts and percentages for categorical variables, and means and standard deviations for continuous variables. Bivariate analyses of the associations between receipt of benzodiazepines or opioids and delirium duration, and between candidate control variables and delirium duration, were conducted using Poisson regression models containing a variable quantifying each study participant's time at risk for occurrence or increase in delirium duration (34) . Poisson regression was used because our outcome was a count of days of delirium.
Benzodiazepine or opioid use was forced into all models used in the multivariable forward selection process seeking to identify potent control variables. Candidate control variables (Table 4 ) were entered into the selection process if they had a likelihood ratio chisquare statistic of Ͼ1.64 corresponding to a p value Ͻ0.20. Correlations among explanatory variables were examined with Kendall's tau-b correlation coefficient as part of the process of identifying control variables. All patients who required intubation received benzodiazepines or opioids while on mechanical ventilation, and so it was not possible to adjust for intubation in multivariable models.
Goodness of fit was assessed by residual analysis, deviance statistics, and sensitivity analysis. Final model coefficients were internally validated using bootstrapping (35) . The dementia covariate had missing values (n ϭ 3). A complete case analysis was conducted because any bias introduced by this number of missing values was likely minimal. All statistical tests were two-tailed, with p Ͻ 0.05 indicating statistical significance. Analyses were performed with SAS statistical software version 9.1.3 (Cary, NC).
RESULTS
Characteristics of the study population are presented in Table 1 . The mean age of the participants was 75 yrs and 47% were male. Of the 304 patients, 239 (79%) had delirium during their ICU stay. Seventy-two percent had delirium on their first day of ICU admission. The median duration of ICU delirium was 3 days, with a range of 1-33 days. One hundred thirteen patients had delirium until death or ICU discharge. Data on the receipt of benzodiazepines or opioids and delirium are presented in Table 2 .
The drug data for this study are presented in Table 3 . The majority of patients received both classes of medications (benzodiazepines and opioids). Only 32 patients (11%) received opioids and 28 (9%) received benzodiazepines, exclusively. Twenty-one patients received propofol and a benzodiazepine and/or an opioid. Forty-two percent of our patients received a combination of three or more of these medications ( Fig. 1 ). Thirty-two percent of the patients received haloperidol and 32% received other medium to high potency anticholinergic medications listed in Table 1 .
We examined indication for these medications. Of the 219 patients who received opioids, 100 had no pain score documented. Of the 119 patients with documented pain scores on their first day of receiving opioids, 86 (72%) had evidence of pain whereas 33 (28%) had no pain documented. Of the 215 patients who received benzodiazepines 213 had a level of consciousness assessed with a sedation scale on the first day they received medication. Of these latter 213 patients, 42 (20%) were agitated, 59 (28%) were lethargic, 50 (23%) had stupor or coma, and 62 (29%) were alert and calm. Seventy percent of patients who received haloperidol were agitated.
Bivariate analyses of the primary predictor and candidate control variables with the delirium duration outcome are reported in Table 4 . In addition to the receipt of benzodiazepines-opioids, several candidate control variables were significantly associated with delirium duration including impairment in the activities of daily living, depression, dementia, severity of illness, intubation, restraint use, and haloperidol use. Table 5 presents our multivariable models of delirium duration. The top section of Table 5 reports effects of benzodiazepine-opioid use while controlling for baseline dementia, haloperidol, and health status. Use of a benzodiazepine or opioid shows statistically significant positive association with the duration of ICU delirium. Control variables for dementia, use of haloperidol, and Acute Physiology and Chronic Health Evaluation Score II also have positive significant associations with delirium duration. The middle sec-tion of Table 5 summarizes the modification of the effect of benzodiazepineopioid use by dementia controlling for use of haloperidol and baseline health status (interaction term p value Ͻ0.01). For patients without dementia, there is a statistically significant, positive association between benzodiazepine-opioid use and delirium duration. Specifically, among the subgroup without dementia, there was a 142% increase in the rate of delirium for those receiving benzodiazepines or opioids as compared with persons without dementia not receiving these medications (rate ratio -2.42, 95% confidence interval 1.65-3.55). For patients with dementia this positive association is reduced and is not significant. There was no significant interaction between uses of benzodiazepine-opioid and haloperidol.
We also examined the association of benzodiazepine-opioid use with delirium duration in the 142 patients who were never intubated. In this group there was a nonsignificant trend toward increased delirium duration in the patients receiving benzodiazepines or opioids (rate ratio 1.18, 95% confidence interval 0.88 -1.59, p ϭ 0.26).
DISCUSSION
In our cohort of older ICU patients, receipt of benzodiazepines or opioids was significantly associated with prolonged delirium duration even after adjusting for severity of illness, haloperidol use, and dementia. This is the first study to examine use of benzodiazepines and opioids and their association with duration of ICU delirium. Prior studies examining medications and delirium have used varying definitions of medication exposure. Some studies grouped all medications together, others examined only medications with anticholinergic properties, whereas others reviewed only individual classes of drugs such as antidepressants, benzodiazepines, opioids, and steroids (11, 36 -40) . Reported associations between opioid use and delirium are inconsistent. Although one study in patients with cancer did show a significant impact of opioid use on the risk of delirium (18) , several studies have failed to identify a significant association (41) (42) (43) (44) (45) (46) (47) (48) . Two previous ICU studies to examine opioid use and delirium found no significant association (11, 20) . In a recent review of 11 studies examining medication and the delirium in hospitalized patients (49) , only four studies found a positive association between benzodiazepines and delirium. The magnitude of the association between benzodiazepine use and delirium varied depending on the dosage given and the properties of the medication, with short-acting benzodiazepines having lower risk (12, 40, 47, 50) . In a large ICU cohort the use of sedatives and opiates did not differ in patients with or without delirium and their use increased the risk of delirium only when used to induce coma (11) . Because the majority of our participants (77%) received both benzodiazepines and opioids during their ICU stay, we have grouped them together. In this ICU-based study we demonstrate a positive association between their collective use and duration of delirium among older patients.
Although Kress et al (51) did not examine delirium, they demonstrated that daily interruption of sedation decreased duration of mechanical ventilation and length of ICU stay, without increasing adverse outcomes (52, 53) . Their study is inconclusive regarding whether the reported improvement in ICU outcomes may be related to a reduction in the duration of delirium. Our ICU does not use a sedation interruption protocol so we could not examine the association with duration of delirium.
Thirty-two percent of our patients also received additional medium to high potency anticholinergic medications. We combined these medications into a group as the individual numbers were too small. Although these medications were of borderline significance in bivariate analysis (p ϭ 0.08), they were not associated with delirium duration in our multivariable model. Although there is evidence that anticholinergic medications are linked to delirium in older, non-ICU patients, no studies have eval- (27) ICU, intensive care unit. a Data presented as n (%) except where indicated; b missing data were present for some subjects: for dementia, n ϭ 3; alcohol use, n ϭ 3, Charlson Comorbidity Index, n ϭ 1; body mass index, n ϭ 9; arterial pH, n ϭ 49; alanine aminotransferase, n ϭ 57; creatinine clearance, n ϭ 4; c alcohol use was assessed by proxy interview. "To your knowledge has (patient's name) consumed any alcohol over the past 12 months, even one beer or a glass of wine?"; d other causes include diabetes, metabolic abnormalities, acute renal failure, and cardiac causes. Because of concurrent use of multiple drugs by individuals, sum of percentages exceeds 100.
a Data presented as n (%) except where indicated; b medium to high potency anticholinergic medications in our patient population: diphenhydramine (n ϭ 25), atropine (n ϭ 38), dicyclomine (n ϭ 1), paroxetine (n ϭ 13), amitryiptyline (n ϭ 4), imipramine (n ϭ 1), olanzapine (n ϭ 6), promethazine (n ϭ 33). uated their use in an ICU population (36, 54) . It may be that their contribution to duration of delirium is diminished in critically ill patients receiving benzodiazepines and opioids.
We included haloperidol as a control variable based on the clinical supposition that haloperidol may shorten delirium duration in patients receiving benzodiazepines or opioids. Our results did not support this idea. Haloperidol's recommended status for treatment of delirium (55) (56) (57) , is based on limited data. There are no randomized placebo controlled studies in critically ill patients demonstrating association between haloperidol and improvement in symptoms or duration of delirium (57) . One study comparing haloperidol to olanzapine found that both medications reduced delirium symptoms (57) .
We hypothesize that haloperidol may treat symptoms of delirium (such as agitation) without reducing duration of delirium. We reviewed receipt of haloperidol and sedation status in our cohort and found that the majority of patients had delirium and 70% had agitation on the first day they received haloperidol. However, we do not have documentation on what prompted prescription of haloperidol to our study patients. Recent reports from the Federal Drug Agency have highlighted serious adverse effects of haloperidol when used off label in an ICU setting (58). Given the definition of our outcome, delirium duration, which was designed to establish a temporal relationship with receipt of benzodiazepines and opioids, we cannot draw statistical inferences for haloperidol. This finding for haloperidol, however, raises interesting questions for future research directions, such as randomized controlled trials of delirium treatment in the ICU.
Neither benzodiazepine-opioid use nor haloperidol use was significantly associated with delirium duration among the subgroup of the study sample having dementia. This was likely because of a ceiling effect among patients with dementia who collectively spent close to 80% of their ICU days in a state of delirium.
The major innovation of our study is its examination of duration of delirium rather than occurrence. This is advantageous in an ICU study because so many patients have delirium on the first day of ICU, intensive care unit; LR, likelihood ratio. a p values are calculated for the Likelihood Ratio Chi-square statistic; b medium to high potency anticholinergic medication: diphenhydramine, atropine, dicyclomine, paroxetine, amitryiptyline, imipramine, olanzapine, promethazine; c missing data are present for some subjects: Charlson comorbidity index, n ϭ 1; dementia, n ϭ 3; body mass index, n ϭ 9, alanine aminotransferase missing, n ϭ 57, serum pH, n ϭ 49, creatinine clearance, n ϭ 4; d variables entered into selection process for the multivariable model. their ICU stay. A second strength is the firm establishment of a temporal ordering between receipt of medications and delirium to ensure their receipt before or concomitant with the first episode of delirium. We also examined potential confounders relevant to drug metabolism including liver function and creatinine clearance, allowing us to assess relevant patient factors which may impact the relationship between medications and delirium.
Our study is limited in that we included only older medical ICU patients from a single site. Further studies are needed to determine whether these results are generalizable to other settings. We did not examine benzodiazepines and opioids separately because only 28 participants received a benzodiazepine exclusively, 32 received an opioid exclusively, and all 21 receiving propofol also received a benzodiazepine and opioid. Our data reflect the common ICU practice of giving benzodiazepines and opioids together for sedation and pain control. Ideally, these drugs should be investigated separately as there may be a class effect. Our study examined the duration of ICU delirium but did not count delirium days occurring after ICU discharge. Because 27% of our patients had delirium at ICU discharge, implying their episode may have continued postdischarge, our measure of duration of delirium is conservative.
A notable limitation of this study was our inability to separate the effect of these medications from the consequences of intubation. We examined this potential confounder by comparing benzodiazepine or opioid use with delirium duration by intubation status. There was a nonsignificant trend toward increased delirium duration in the 141 nonintubated patients who received benzodiazepines or opioids (rate ratio 1.18, p ϭ 0.26). Although a precise use of dosage was not feasible in our model it is likely that the intubated patients received a higher quantity of medications. Additional comparison revealed that intubated patients had higher Acute Physiology and Chronic Health Evaluation Status II scores, lower PaO 2 /FIO 2 ratios and more days of medication. Although it is conceivable that the baseline differences in disease severity and total dose of medication account for much of the difference in the effect of interest between the intubated and nonintubated subgroups, it is not an issue that can be confirmed in these data set.
Whereas prevention of delirium is an ideal approach and an area of ongoing investigation, many older patients present to the ICU with delirium. Of the 239 delirious patients in our study, the majority were delirious on their day of admission (72%). Although prevention of delirium within the ICU is difficult, it may be possible to reduce delirium duration. In an unadjusted comparison, patients who received benzodiazepines or opioids had an average ICU delirium duration of 5.79 days for each week at risk, compared with 3.08 days for patients who did not receive benzodiazepines or opioids. Although there is no evidence that reducing delirium duration will lead to improved outcomes, there is evidence that delirium duration may be linked to adverse neuropsychological outcomes (59) . The impact of reducing delirium duration on outcomes needs to be investigated. Although optimal treatment of the underlying illness is of paramount importance, our data suggest that a reduction in the administration of benzodiazepines and opioids may also be beneficial.
Future studies are needed to determine the optimal medications for sedation, pain and agitation in critically ill patients. Eighty-one percent of patients received benzodiazepines when their Richmond Agitation Sedation Scale score indicated that the patient was alert and calm, lethargic, or had stupor/coma. This implies that we may be over sedating the patients. Until there is further evidence to guide treatment, we recommend regulation of benzodiazepine and opioid use through implementation of sedation protocols, daily interruption of sedation, and frequent reassessment of sedation goals (51) . Studies are needed to determine whether lowering dosage of benzodiazepines or opioids reduces duration of delirium and whether shorter duration results in better patient outcomes.
